core ideas • The graphic syllabus can be an addition to the traditional course syllabus. • The graphic syllabus enables students to visualize the "big picture" of the course. • Most students preferred graphic syllabus in addition to traditional one.
I ntroductory soil science courses are often required for various majors and attract students from different fields and backgrounds (Brevik, 2009; Hartemink et al., 2014) . Teaching an introductory soil science course is a challenging experience because of the complex nature of the soil. A syllabus is an important academic document that provides an outline of the topics offered in the course. Traditional course syllabi contain multiple pages of text with specialized terminology, and they can be intimidating to students. One way to overcome this intimidation is by using a graphic syllabus, either as a standalone syllabus or a supplement to the traditional one. Graphic syllabi are being increasingly used in various disciplines (e.g., economics, finance, etc.) (Moosavian, 2017; Biktimirov and Nilson, 2003; Nilson, 2007) . A graphic syllabus is defined as "a flowchart, diagram, or picture showing the organization of and interrelationships among your course topics-that is, how your course structures the subject matter and its body of knowledge" (Nilson 2000 (Nilson , 2002 . It is a 1-page "road map" for the course (Biktimirov and Nilson, 2003) .
Graphic syllabi are becoming more popular for the following benefits (Biktimirov and Nilson, 2003) :
• reaching nonverbal learning styles. Students have a variety of learning styles; thus, a graphic syllabus may be beneficial to students who prefer to "see the plan" before they can learn the specific pieces (Biktimirov and Nilson, 2003) . A graphic syllabus shows relationships between topics, which is especially beneficial for students without prior knowledge, for example, in introductory courses (Mayer and Gallini, 1990 ).
• teaching students learning tools. A graphic syllabus is an example of how to outline and present learning material (Biktimirov and Nilson, 2003) .
• encoding knowledge for long-term memory. People have two long-term memories: the semantic (verbal) and the episodic (visual and experiential), the latter of which is stronger for most people (Dale, 1969; Paivio, 1971; Biktimirov and Nilson, 2003) . A graphic syllabus summarizes educational material in both verbal and visual ways-or through "dual coding" (Tigner, 1999) .
• revealing topical interrelationships within the "big picture." A graphic syllabus is a "well-labeled map" (Biktimirov and Nilson, 2003) .
• tightening course organization. A graphic syllabus is concise. In graphic syllabi, the topics are organized according to some meaningful dimensions (e.g., chronology, complexity) or arranged on a continuum of opposites (e.g., schools of thought, objectives) (Biktimirov and Nilson, 2003) .
• releasing creativity. A graphic syllabus is an outlet for teaching creativity (Biktimirov and Nilson, 2003) .
According to Biktimirov and Nilson (2003) , the graphic syllabus should be clean, simple, orderly, structured, and eye-catching. proposed a simple graphic syllabus for principles of microeconomics, where the word "markets" is displayed in the center to indicate the focus of the course. The term is surrounded by numbered nodes that describe various aspects of markets, including how markets work, government intervention in markets, when markets fall, markets and competition, and advanced applications . Moosavian (2017) merged the graphic syllabus with the interactive syllabus to produce a web-based interactive graphic syllabus for intermediate macroeconomics.
The graphic syllabus is an outline of scientific storytelling, which integrates important teaching and mentoring tools from various fields (Cropper et al., 2015) . According to Lugmayr et al. (2017) , people have been using storytelling for many reasons: to entertain, to transfer knowledge between generations, to maintain cultural heritage, to warn of dangers, and many other reasons. Lugmayr et al. (2017) proposed a definition of serious storytelling: storytelling "outside of entertainment, where the narration progresses as a sequence of patterns impressive in quality, relates to a serious context and is a matter of thoughtful process."
Soil science is a highly interdisciplinary field, and according to Churchman (2010), there are three unique aspects of soil science: (1) the formation and properties of soil horizons, (2) the occurrence and properties of aggregates in the soil, and (3) the occurrence and behavior of soil colloids. In addition to inherent unique aspects of soil science, a "human" aspect of soil science makes soil one of the most consumed resources. With these unique aspects of soil science in mind, the objectives of this study were: (1) to develop the graphic syllabus for an introductory soil science course, and (2) to evaluate the graphic syllabus using a survey, which compares "traditional" and "graphic" syllabi.
MaterialS and MethodS course Background
Soil Information Systems (FNR 2040) is an introductory, 4-credit soil course offered by the Department of Forestry and Environmental Conservation at Clemson University, Clemson, SC (Clemson University, 2016 -2017 . The course consists of three 1-hour lectures followed by a 2-hour laboratory each week. It focuses on the input, analysis, and output of soil information utilizing Geographic Information Technologies (Global Positioning Systems, Geographic Information Systems, direct/remote sensing) and Soil Data Systems (soil surveys, laboratory data, and soil data storage) (http://gis.clemson.edu/elena/SoilsandEnvironment3.htm). Students majoring in forestry, wildlife, and environmental science must complete the course.
graphic Syllabus development
The graphic syllabus was developed based on the principles of "parallel" teaching/learning ( Fig. 1 ) and the traditional syllabus used in this course. According to Zhou et al. (2018) , "parallel" teaching/learning (non-sequential teaching and learning) is opposite to "series" teaching/ learning, which involves teaching/learning in a certain order (e.g., topical, chronological, priority, etc.). In this study, "parallel" teaching/learning is used by simultaneously introducing soil concepts and soil taxonomy, and practicing them in the field and laboratory. Students are also required to complete a state/representative project (PowerPoint presentation) , which summarizes what they have learned in the course. The graphic syllabus was not used as a stand-alone syllabus, but as a supplement to the traditional syllabus (Table 1) , which was posted on the course website (http://gis.clemson.edu/elena/EnvInfoSysHome.htm). The purpose of the graphic syllabus was to give students a "big picture" of the course in a logical manner. The graphic syllabus was designed using commonly available software and tools (Microsoft Word table insert function).
Survey Methods
A survey was constructed by the course instructor and approved by the Clemson University Institutional Review Board (IRB). The survey contained three sections: (1) general user information (e.g., major, student year, other); (2) comparison between traditional and graphic syllabus, and (3) additional written comments. The anonymous survey was administered in one of the class periods in the paper format toward the end of the semester. Participation in the survey was optional, and no extra credit was offered for participation.
reSUltS and diScUSSion
The graphic syllabus (Fig. 2) is based on standard introductory soil science course topics, which are organized into units according to unique aspects (Churchman, 2010) of soil science:
• The formation and properties of soil horizons (Unit 1:
Soil ABCs)
• The occurrence and properties of aggregates in soil (Unit 2: Soil Properties)
• The occurrence and behavior of soil colloids (Unit 3: Soil
Fertility and Management)
Each soil unit has four soil orders selected based on the soil science topics covered in the units: degree of soil development (weathering), and a list of corresponding state/representative soils in the United States used for the course project (Mikhailova et al., 2009 (Mikhailova et al., , 2014 . The resulting graphic syllabus offers the benefits outlined by Biktimirov and Nilson (2003) , including accommodating students with nonverbal learning styles (e.g., plan), teaching students 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23 24, 25, 26, 27, 28, 29, 30, 31, 32, 33; 34; 35; 36; 37 ; Soil orders: Andisols, Vertisols, Ultisols, Oxisols) learning tools (e.g., how to make an outline), encoding knowledge for long-term memory (dual coding), revealing topical interrelationships within the "big picture," and tightening course organization (dimension and continuum).
In addition to well-documented benefits (Biktimirov and Nilson, 2003) , the newly developed graphic syllabus introduces another benefit: storytelling (e.g., historical, scientific, serious, etc.). The graphic syllabus is an outline of a serious storytelling, which includes the following features (Lugmayr et al., 2017) : perspective (e.g., soil scientists, farmers, etc.); narrative (content of the story set in time/ space with cause/effect, and sequence/plot), interactivity (interaction and engagement), and medium (e.g., digital delivery via computer, cell-phone) (Fig. 2) . This storytelling is based on the state/representative soils, which are selected by citizens of the country (Mikhailova et al., 2009 ). Each of these state/representative soils has a fascinating story of why it has been selected to be recognized by its citizens (e.g., agricultural productivity, historical importance, area extent, etc.) (USDA-NRCS, 2018).
A hard copy and a downloadable digital version of graphic syllabus were used in the introductory soil science course. Students were asked to fill out a paper survey regarding their opinions of traditional and graphic syllabi. User information indicated that students were sophomores (17), juniors (26), seniors (17), and non-soil science majors: wildlife (22), forestry (22), and environmental science (16). Soil science was a required course for their prospective majors. Almost none (97%) of the students have ever seen the graphic syllabus before taking this course. Most students preferred the graphic syllabus in addition to the traditional one ( Fig. 3) . Students reported that the graphic syllabus helped them better understand the course structure and was more exciting and easier to view on cell phones. Additional comments (Table 2) indicated that students "loved" graphic syllabus, and found it "excellent to use and refer to."
The traditional syllabus is an important legal academic document and often contains many pages of university and course rules in addition to learning content (Table 3) . It is impossible to incorporate all of the items from a traditional syllabus into a graphic syllabus. Therefore, a graphic syllabus can be only a supplement to the traditional syllabus, which is an important legal document. A graphic syllabus offers a solution to highlighting the learning content of the course and making teaching/learning more effective. Previous research on the graphic syllabus reported practical guidelines and examples for designing one (Biktimirov and Nilson, 2003; , which are primarily focused on the learning content of the courses (e.g., topics, calendar, etc.), with a few examples related to the regulatory content (e.g., grading, attendance policy). 
conclUSionS
A graphic syllabus was designed for an introductory-level soil science course using the Microsoft Word table insert function. It enables students to visualize the "big picture" of the soil science course and can be used as a supplement to the traditional course syllabus. The graphic syllabus was based on the principles of "parallel" teaching/learning and storytelling. Most surveyed students preferred the graphic syllabus in addition to a traditional one. Students reported that the graphic syllabus helped them better understand the course structure and was more exciting and easier to view on cell phones. Although the use of a graphic syllabus is usually limited to introductory-level courses, it can be adapted for upper-level soil science courses. This article offers an organizational strategy for expediting the graphic syllabus design.
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3.
The graphic syllabus is more basic, so does not always answer specific questions easily, but I much prefer the graphic syllabus overall.
4.
I prefer the graphic but I am also a detail-oriented person so I enjoy reading the traditional for more question oriented answers.
5.
Graphic would be better if it included important dates and other info relevant to course.
6.
Topics on each exam are easier to view on graphic syllabus.
7.
The graphic syllabus would be improved if dates were on it.
8.
It is a great way to see what to study for each test/quiz. I like to know what's expected of me. 
